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(54) Non-linear image filter for filtering noise 

(57) A system and method for reducing noise using 
recursive noise level estimation. The system' and meth- 
od for noise reduction substitute a target pixel in a 
processing window with a weighted average of a plural- 
ity of neighboring pixels according to the degree of sim- 
ilarity between the target pixel and the neighboring pix- 



els. The similarity is based on the noise level affecting 
the image and the local brightness of the processing 
window. The filter is based on fuzzy logic and filters out 
noise without smoothing the image's fine details. The 
filter uses a human visual system (HVS) response to ad- 
just brightness. 
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Description 

[0001] The invention is related generally to digital signal processing and, in particular, digital signal processing of 
images. 

5 [0002] Noise is an inherent feature in any communication system, and efforts to reduce noise are continually being 
explored. For example, it is well known that low-pass filters with pre-set frequency ranges reduce high-frequency noise. 
Moreover, it is known that in many communication systems it is advantageous to reduce noise prior to displaying the 
signal (or image) because noise reduction improves image display quality. 

[0003] Modern-day image processors also use other techniques to enhance image display For example, image 
10 processes utilize compression (or encoding) techniques to minimize the amount of memory needed to process images. 
There are compression standards for still images (or pictures), colorfacsimile (fax) machines, medical imaging systems, 
video cassette records (VCRs), entertainment systems, televisions (TVs), high-definition TVs (HDTVs), World-Wide 
Web browsers, and for personal computer (PC) displays, for example. 

[0004] The coding efficiency of an image processor can be improved if system noise is reduced prior to encoding. 
Adaptive filters have been applied to images for this purpose. For example, adaptive filters reduce noise by monitoring 
the communication system and feeding back communication system information to automatically and dynamically ad- 
just their filtering characteristics. Generally, adaptive filters can be obtained using non-linear approaches, such as 
median-based fitters or filters having variable behavior according to the estimation of certain system or image param- 
eters. For example, some adaptive filters are obtained by estimating the temporal correlation of certain parameters. 

20 [0005] These adaptive filters have limitations, however. For example, if a video signal is greatly affected by noise, 
these adaptive filters confuse the undesirable noise with image motion. This limitation causes the fine details of the 
image to be attenuated, or smoothed, which also is undesirable. Proposed solutions include variable^trength filters, 
/.©., filters with curved selectivity. Arbitrary curve selection, however, affects the temporal frequency of the adaptive 
filter, resulting In the so-called "comet effect," which is more annoying than detail smoothing. It can be appreciated 

25 therefore that what is needed is an inr^ge enhancement technique that reduces noise without blurring fine details of 
the image or affecting the temporal frequency. 

[0006] Presented herein is a system and method for reducing noise using recursive noise level estimation. An ex- 
ample embodiment includes a noise filter th^t uses a processing window with a target pixel and several neighboring 
pixels. The noise filter includes an image processor that generates a replacement value for the target pixel in the 

30 processing window based on a weighted average of the absolute values of degrees of similarity between the target 
pixel and the plurality of neighboring pixels. The noise filter recursively processes the noise levels to adapt to the local 
features of the scanned image, as well as to adapt to changing noise levels of neighboring pixels. That is, the noise 
filter generates recursive noise level estimations whereby local feature data is fed back into the filter for calibration. 
The noise filter uses fuzzy logic processing to filter noise without smoothing the image. 

35 [0007] Further features and advantages of the invention as well as the structure and operation of various embodi- 
ments are described in detail below. 

[0008] The invention is best understood by reference to the figures wherein references with like reference numbers 
indicate identical or functionally similar elements. In addition, the left-most digits refer to the figure in which the reference 
first appears in the accompanying figures. 
40 [0009] Figure 1 illustrates a processing window with a current row and a previous row suitable for use with an em- 
bodiment of the invention. 

[0010] Figure 2 is a high-level block diagram of a filter suitable for implementing an embodiment of the invention. 
[0011] Figure 3 is a block diagram of an image storage unit of the noise filter in Figure 2. 
[0012] Figure 4 is block diagram of the local feature inspector used in the noise filter of Figure 2. 
45 [0013] Figure 5 is a graphical representation of the human visual system evaluator function utilized in the human 
visual system (HVS) evaluator of the local feature inspector in Figure 3. 

[0014] Figure 6 is a graphical representation of the similarity evaluation function implemented by the similarity eval- 
uation block of the noise fitter of Figure 1 . 

[0015] Figure 7 is a flowchart of a process performed by an example embodiment. 

50 [001 6] Non-linear image filtering, and in particular, a non-linear image filtering system and method that reduce noise 
using recursive noise level estimation is described herein. In the following description, numerous specific details, such 
as specific mathematical, statistical, and signal processing symbols and relationships, specific methods of analyzing 
and processing images, video signals, video sequences, etc., are set forth to provide a full understanding of the in- 
vention. One skilled in the relevant art, however, will readily recognize that the invention can be practiced without one 

55 or more of the specific details, or with other methods, etc. In other instances, well-known structures or operations are 
not shown in detail to avoid obscuring the invention. 

[0017] Figure 1 illustrates a processing window 102 with several pixels X1 , X2, X3, X4, X5, X6, X7. and X. The pixel 
X is the pixel to be processed, called the target pixel X. The remaining pixels X1 , X2, X3, X4, X5, X6, X7 are neighboring 
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pixels. The pixels X4, X5, X6. and X7 are neighboring pixels of the target pixel X belonging to a current scan line 104a. 
The pixels XI . X2, and X3 are the pixels belonging to a previous scan line 104b, which is the scan line preceding the 
current scan line 104a containing the target pixel X. According to an embodiment, one of the neighboring pixels is 
designated as a neighboring pixel X-1 , which immediately follows the target pixel X. A second one of the neighboring 

5 pixels is designated as a neighboring pixel X-2, which immediately follows the neighboring pixel X-1 . 

[0018] Figure 2 is a high-level block diagram of a noise filter 200 suitable for implementing an embodiment of the 
invention. According to this embodiment, the noise filter 200 includes an image storage unit 202, a drfferencer 204, a 
minimum and maximum block 206, a noise level computation block 208, a local feature inspector 210, a membership 
computation block, and a similarity evaluation block 214. The similarity evaluation block 214 includes a similarity eval- 

10 uator 216 and a final fitter 218. The filter 200 uses a fuzzy logic process along with recursive noise level estimations 
to replace a target pixel value with a new pixel value, which are described in detail below. 

[0019] Typically the image is scanned sequentially row-by-row (or line-by-line) as a stream of pixels into the image 
storage unit 202. The stored image is divided into several image blocks, which are then partitioned into several pixels. 
The image storage unit 202 also generates the processing window 102, as is described in detail below. 

15 [0020] The differencer 204 computes the absolute values of the differences Dy, which represents the differences 
between a value of the target pixel X and the values of the' neighboring pixels X/, where / is 1 -7, such that X,- represents 
the neighboring pixels X1-X7, and such that represents any one of the differences D1-D7. In one embodiment, the 
differencer 204 computes the absolute values of the differences D,- between the target pixel X luminance and the 
luminance of the neighboring pixels XI -X7 to produce difference values D1-D7. As used herein, the "luminance" is 

20 generally defined as the attribute of visual perception in accordance with which a pixel appears to emit more or less 
light. Tuminance" is sometimes termed "brightness." Of course, those skilled in the art will appreciate that the invention 
is not limited to this embodiment. For example, the differencer 204 can also compute the absolute values of the differ- 
ences Dj between the target pixel X gray scale value and the gray scale values of the neighboring pixels X1-X7. As 
used herein, "gray scale value" generally is defined as a value on the "gray scale," which is a strip of shades ranging 

25 from black to white with intermediate shades of gray. Gray scale value may also be termed "gray level." 

[0021] The maximum and minimum block 206 receives difference values D1-D7 and finds a maximum difference 
^max s minimum difference D^/„ selected from among the absolute values of the computed differences In one 
embodiment, the maximum and minimum block 206 finds the maximum difference D^^j^ and the minimum difference 
D^i^ between the target pixel X luminance and the luminance of the neighboring pixels X1-X7. 

30 [0022] The level computation block 208 estimates a noise level NL associated with the processing window 102. In 
one embodiment, the noise level computation block 208 estimates the noise level of the neighboring pixel X-1 under 
the following equation: 



NL( M ) = M ).0^^( M )+[1 -/C^( M )]^NL{ t-2) (1 ). 

[0023] The local feature inspection block 210 computes a parameter, which detemnines the strength of filtering 
to be performed by the filter 200. Local features include metrics associated with an image. In one embodiment, 
represents a function associated with the "brightness" of a target pixel X, where 0 < /C„< 1 . An example of a feature 
inspection block suitable for use with an embodiment is described in "Non-Linear Adaptive Image Filter For Filtering 
Noise Such As Blocking Artifacts," Attorney Docket No. 850063.533, which is incorporated herein by reference in its 
entirety. 

[0024] Recall that the filter 200 is based on "fuzzy logic" processing. As used herein, "fuzzy logic" generally provides 
a way to classify data according to a degree of membership in a fuzzy set that varies continuously from zero (not a 
member) to one (absolutely a member). Fuzzy logic requires a describing function, called a "membership function," to 
fully define the boundaries of a fuzzy set. The fuzzy set becomes a. way of assigning exact mathematical meaning to 
a subjective sounding linguistic term such as "similarity," "brightness," or "luminance." In one embodiment, the mem- 
bership computation block 212 generates a membership function wherein the fuzzy set is bounded by two threshold 
values thi and th2. The membership computation block 212 generates a membership function corresponding to the 
sentence 'the pixels X and Xj are simitar "XjrepresenXs awaiise of anyone of the neighboring pixels. In one embodiment, 
Xf represents the value relative to the gray level of a neighboring pixel. 

[0025] II the processing window 102 coincides with a relatively homogenous area of an image, all the differences D, 
will be close in terms of their absolute values and thereby will be correlated to noise. It is thus possible to select a 
membership function that is able to generate the threshold parameters till and th2 that substantially coincide with 
^max- ^® contrary, when the target pixel X belongs to an edge or a boundary region of an image, the filtering action 
is made significant only it the differences D/are small, that is, within the interval of differences of the absolute value of 
defined by the following expression: 
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[0026] The membership computation block 21 2 computes the first threshold parameter th1 according to the following 
equation: 

m (t) = K„(f)-D„„(0+[1 -K„{t)]'D^^t) (3) 

[0027] The membership computation block 212 computes the second threshold parameter according to the fol- 
lowing equation; 

th2{t) = K^{t>D^^{t)^^-K^{t) y '^^'^ "'"^^^ (4), 



[0028] Note that the threshold parameter thi is always greater than or equal to the threshold parameter th2. 
20 [0029] The similarity evaluation block 214 provides a new pixel value using the similarity evaluator 216 and the final 
filter 218. The similarity evaluator 216 generates filter coefficients K,-, which represent a measure of the degree of 
similarity between the target pixel X and any one of the neighboring pixels chosen from among the neighboring 
pixels XI -X7, such that K,- represents any one of a degree of similarity K1-K7. In one embodiment, Kj represents the 
value produced by the membership computation block 21 2 according to the membership function corresponding to the 
sentence "the pixels X and X, are similar." That is, Kj represents a weighted average of the target pixel X and the 
neighboring pixels XI -X7 that are part of the processing window 102 used to process the target pixel X. 
[0030] The final ftlter218 generates the output out(t)o1Xhe noise filter 200, which output is used to replace the target 
pixel X in the processing window 102. The butput out(t) is determined using the following equation: 



out(t) = 1/8L Ki(t)'Xi + [1-K.(t)]*X (5). 

[0031] In one embodiment, the final filtering block 218 separately processes the degrees of similarity K,- between a 
target pixel X and any one of the neighboring pixels X/, and through a final summing stage and produces the output 
out(t) as the sum of the weighted contributions. 

[0032] Recall that the image storage unit 202 also generates the processing window 102. Figure 3 shows a block 
diagram of a circuit suitable for defining the processing window 102. According to Figure 3, the current scan line 104a 
is applied to a line memory unit 302 and to a pixel delay 304a. The previous scan line 104b is output from the line 
memory 302 and is applied to a pixel delay 304b. In an example embodiment, the outputs of the pixel delays 304a and 
304b are further delayed using several pixel delays 304c through 304g. In this embodiment, the outputs of the pixel 
delays 304a through 304g are also coupled directly out of the image storage unit 202 to the remaining components of 
the noise filter 200 as pixel values X5, XI , X2, X3, X, and X7, respectively. As a result, although the two lines of pixels 
104a and 104b are input to the image storage unit 202, the image storage unit 202 outputs all pixels simultaneously 
in parallel. 

[0033] Of course, it will be understood by persons skilled in the relevant art that a suitable processing window may 
be constructed using other well known serial-to-parallel conversion techniques. Similarly, the invention is not limited 
to a particular number of scan lines, processing window sizes, pixel delays, etc. Other techniques that use information 
relative to the pixels belonging to at least two successively scanned lines or rows may be used without departing from 
the scope and spirit of the invention. 

[0034] Figure 4 illustrates the operation of the local feature inspector 210 in greater detail. According to Figure 4, 
the local feature inspector 210 includes a human visual system (HVS) evaluator 402, which evaluates a metric of the 
processing window 102. Generally, human visual systems use algorithms to optimize a compressed image according 
to the way the human eye perceives the image. Human visual systems are described in "Second-Generation Image 
Coding: An Overview," by M. M. Reid, R. J. Millar, and N. D. Black, in ACM COMPUTING SURVEYS, Vol. 29. No. 1 
(March 1997), Pages 3-29, incorporated herein by reference in its entirety. 

[0035] In one embodiment, the HVS evaluator 402 evaluates an estimation of a joint measure of human eye sensitivity 
and noise level. In particular, the HVS evaluator 402 evaluates an estimation of human eye sensitivity to a minimum 
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noticeable gray level difference between the target pixel X and a neighboring pixel to determine "brightness." Figure 
5 is a graphical representation of a human visual system (HVS) evaluator function 500 implemented by the HVS eval- 
uator 402 to evaluate a metric of the processing window 102. 

[0036] Referring to Figures 4 and 5, the HVS evaluator 402 receives the target pixel X and processes it according 
5 to the HVS evaluator function 500. In one embodiment, the filter 200 processes a horizontal range of values between 

0 and 255. The point B on the HVS evaluator function 500 represents a breakpoint between the different lobes, and 

is a fixed value. In one embodiment, B = 128, and the maximum value that corresponds to "zero" is 255/4 =64. 

[0037] An adder 404 sums the output of the HVS evaluator 402 with an estinnate of the neighboring pixel X-1 noise 

level A/Z.(M ) and generates a threshold value th3. A /C^ computation block 406 weights the maximum difference 
10 between the target pixel X and the neighboring pixels X1-X7 and threshold value th3 to generate the parameter. 

The weighting is according to the graphical representation 408. The threshold value f/i3 depends upon the brightness 

of the target pixel X. 

[0038] Figure 6 is a graphical representation of how one embodiment of the membership computation block 212 
computes threshold parameters thi and th2\o determine the shape of the membership function. The similarity evalu- 
^5 at ion function 600 is the membership function related to the fuzzy sentence "the pixels X and Xjaro similar. "Additionally, 
the similarity evaluator 216 provides filter coefficients by weighting the absolute values of the differences Dj using 
the similarity evaluation function 600. 

[0039] One embodiment of the invention operates according to the noise filtering process 700 depicted in Figure 7. 
The noise filtering process 700 begins with task 702, wherein control immediately passes to task 704. Task 704 stores 

20 sequences of a scanned image. The scanned image has a current row and a previous row. Portions of the scanned 
image are arranged in a processing window with several pixels belonging to the current row and to the previous row 
of the scanned image. The pixels include a target pixel and several neighboring pixels. Each of the pixels in the process- 
ing window has a value. In orie embodiment, any or all of the pixels in the processing window has a gray level value. 
In another embodiment, each of the target pixels has a noise level value. In still another embodiment, each of the pixels 

25 in the processing window has a brightness (or luminance) value. While a specific "value" is not important for the in- 
vention, those skilled in the art will understand that any value can be used in the invention. 

[0040] Task 706 computes the differences D,- between the value of the target pixel and the neighboring pixels. Task 
708 determines a minimum computed difference D^/^and a maximum computed difference D^^j^ selected from among 
the differences Dj. Task 710 generates a first metric from a predetermined sensorial response. In one embodiment, 
30 the first metric is representative of a weighting coefficient which is a joint measure of human eye sensitivity and 
noise level. 

[0041] Task 712 generates a second metric representativeof a noise level estimation associated with the neighboring 
pixel X-1 . Any one of the neighboring pixels can be designated as a neighboring pixel X-1 . The neighboring pixel X-1 
immediately follows the target pixel X. Task 712 also generates a third metric representative of a noise level estimation 
3$ associated with the neighboring pixel X-2. Any one of the neighboring pixels may be designated as a neighboring pixel 
X-2, wherein the neighboring pixel X-2 immediately follows the neighboring pixel X-1 . 

[0042] Task 714 processes by fuzzy logic the values of the target pixel according to a membership function, the 
minimum computed difference O^y^ the maximum computed difference D^^, and the first metric K"^. Task 716 gen- 
erates a filter coefficient according to a equation (5). After the filter coefficient is generated, task 716 replaces the value 
40 of the target pixel X in the scanned image. Task 720 completes the operation of the noise filtering process 700. 

[0043] Recall that the filter 200 in one embodiment uses recursive noise level estimation to reduce image noise. The 
filter 200 recursively processes noise levels from pixel to pixel using equation (1 ), such that as the processing window 
102 moves from pixel to pixel in an image, the noise level of neighboring pixels are successively estimated. Thus, as 
the neighboring pixel X-1 changes in the processing window 102, the estimated noise level NL(t-l) of the pixel X-1 
changes accordingly. 

[0044] The filter 200 may be implemented using hardware, software, or a combination of hardware and software, 
and may be implemented in a computer system or other processing system. In an embodiment where the invention is 
Implemented using a combination of hardware and software, the Invention may be implemented using an application- 
specific integrated circuit (ASIC). In an embodiment where the invention is implemented using hardware, the hardware 
50 components may be a state machine. In an embodiment where the filter 200 is implemented using software, the software 
may be stored on a computer program product (such as an optical disk, a magnetic disk, a floppy disk, etc.) or a 
program storage device (such as an optical disk drive, a magnetic disk drive, a floppy disk drive, etc.). The filter 200 
may be implemented in a microprocessor or as a programmable digital filter 

[0045] Although specific embodiments of, and examples for, the invention are described herein for illustrative pur- 
55 poses, various equivalent modifications are possible within the scope of the invention, as will be recognized by those 
skilled in the relevant art. Thus, while several embodiments are described with respect to noise suppression, the teach- 
ings provided herein can be applied to image enhancement operations such as contrast improvement, edge enhance- 
ment, spatial filtering, image smoothing, and image sharpening, for example. 
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[0046] These and other changes may be made to the invention in light of the above-detailed description. In general, 
in the following claims, the terms used should not be construed to limit the invention to the specific embodiment dis- 
closed in the specification and claims, but should be construed to include all image processors that operate under the 
claims to provide a non-linear filter that reduces noise using recursive noise level estimation. 

[0047] From the foregoing it will be appreciated that, although specific embodiments of the invention have been 
described herein for purposes of illustration, various modifications may be made without deviating from the spirit and 
scope of the invention. Accordingly, the invention is not limited except as by the appended claims. 



10 Claims 

1. An image noise reduction filter, comprising: 

a differencing block that computes absolute values of differences between a plurality of metrics of a target 
15 pixel X and a plurality of neighboring pixels in a processing window, and that determines a minimum computed 

difference and a maximum computed difference 'selected from among the absolute values of differences be- 
tween the metrics of the target pixel X and the plurality of neighboring pixels in the processing window; and 
a new pixel value generator, coupled to the differencing block, that generates a replacement value for the 
target pixel based on a weighted average of the absolute values of degrees of similarity between the target 
20 pixel X and the plurality of neighboring pixels. 

2. The image noise reduction filter of claim 1, further comprising a metric computation block, coupled to the differ- 
encing block, that computes a first metric that represents a weighted luminance value for the target pixel X, and 
a second metric that represents an estimated noise level of a neighboring pixel (X-1) selected from among the 

25 plurality of neighboring pixels. 

3. The image noise reduction filter of claim 1 , further comprising a fuzzy logic processor, coupled to the differencing 
block, that generates a first threshold value and a second threshold value, which represent the boundaries of a 
fuzzy set, the fuzzy set boundaries being based on values representative of a maximum and minimum value of 

30 an absolute value of the differences among the target pixel X and the plurality of neighboring pixels. 

4. The image noise reduction filter of claim 1 , further comprising a fitter coefficient block, coupled to the differencing 
block, that generates a filter coefficient that represents the measure of the degree of similarity between the target 
pixel and any one of the plurality of neighboring pixels. 



35 



5. A method of filtering noise in a scanned image, comprising the steps of: 



providing a processing window for portions of a scanned image, the processing window having a target pixel 
and a plurality of neighboring pixels; and 
40 substituting the target pixel with a weighted average of the degree of similarity between the target pixel and 

the neighboring pixels, 

wherein the degree of similarity depends on a noise level affecting the scanned image and a local brightness 
of the processing window. 

6. The method of claim 5, further comprising the step of computing an absolute value of the differences among the 
target pixel and the plurality of neighboring pixels. 

7. The method of claim 5, further comprising the step of determining a maximum and minimum value of an absolute 
value of the differences among the target pixel and the plurality of neighboring pixels. 

so 

8. The method of claim 5, further comprising the step of computing a filter strength based on a gray level associated 
with the target pixel, on a maximum value of the absolute value of the differences among the target pixel and the 
plurality of neighboring pixels, and on the noise level affecting the scanned image. 

ss 9. The method of claim 5, further comprising the step of evaluating a minimum noticeable gray level difference be- 
tween the target pixel and a neighboring pixel selected from among the plurality of neighboring pixels. 

10. The method of claim 5, further comprising the step of summing an evaluation of a minimum noticeable gray level 
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difference between the target pixel and a first neighboring pixel selected from among the plurality of neighboring 
pixels with an estimation of a noise level associated with a second neighboring pixel selected from among the 
plurality of neighboring pixels. 

5 11. The method of claim 5, further comprising the step of estimating a noise level associated with a neighboring pixel 
selected from among the plurality of neighboring pixels using the equation NL(t-l) = KJt-1) • D^^(t-1) + ll-KJt- 
1)]-NL(t-2). 

12- The method of claim 5, further comprising the step of determining a shape of a membership function in a fuzzy 
10 logic process according to a first threshold value computed using the equation th1(t) = K„(t) • Df^^t) + [1-K„(t)]* 

Df„ Jt) and a second threshold value computed using the equation th2(t) - KJt) • D^Jt) + [l-KJt)]* [D^^t) + 

13. The method of claim 5, further comprising the step of generating a plurality of filter coefficients that represent the 
measure of the degree of similarity between the target pixel and any one of the neighboring pixels. 

14. An image fitter, comprising: 

a metric generator that generates a plurality of metrics associated with the strength of filtering to be applied 
20 to a target pixel X, 

wherein a first metric chosen from among the plurality of metrics is associated with a first noise level of a 
neighboring pixel X-1, and 

wherein a second metric selected from among the plurality of metrics is associated with a second noise level 
of neighboring pixel X-2. 
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15. The image filter of claim 14, further comprising a fuzzy processor that defines the boundaries of a fuzzy set asso- 
ciated with the first and second metrics. 

16. The image filter of claim 14, further comprising: 

a third metric chosen from among the plurality of metrics associated with a similarity between the target pixel 
X and the neighboring pixel X-1 ; and 

a fourth metric chosen from among the plurality of metrics associated with a similarity between the target pixel 
X and the neighboring pixel X-2. 



17. The Image filter of claim 14, further comprising: 

a third metric chosen from among the plurality of metrics associated with a brightness of the target pixel X; 
a fourth metric chosen from among the plurality of metrics associated with a brightness of the neighboring 
40 pixel X-1; and 

a fifth metric chosen from among the plurality of metrics associated with a brightness of the neighboring pixel 
X-2. 

18. The image filter of claim 14, further comprising means for estimating a minimum noticeable gray level difference 
^ among the target pixel X and one of the neighboring pixel X-1 or the neighboring pixel X-2. 

19. The image filter of claim 14 wherein the strength of filtering to be applied to a target pixel X is associated with a 
weighted average of the plurality of metrics associated with the target pixel X, the neighboring pixel X-1 , and the 
neighboring pixel X-2. 



20. An image filter, comprising: 



a fuzzy logic processor that defines a fuzzy logic set associated with a plurality of local features of a target 
pixel and a plurality of global features of a plurality of pixels neighboring the target pixel. 
55 wherein the plurality of local features includes a brightness of the target pixel and the plurality of global features 

include a noise level of the plurality of pixels neighboring the target pixel, and 

wherein the plurality of local features and the plurality of global features determine the strength of filtering to 
be applied to the target pixel. 
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21. The image filter of claim 20 wherein the target pixel and the plurality of pixels neighboring the target pixel are 
associated with a still picture or with a video sequence. 
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